Abstract: This paper proposes a way to forecast the future closing price of small sized companies by using geometric Brownian motion. Forecasting is restricted to short term investment because most of the investors aim to gain profit in short period of time. This study focusses on small sized companies because the asset prices are lower, hence the asset are affordable for all level of investors. But, to choose the suitable counters to invest is difficult and with the uncertainty of market prices, it will lead to the decline of the investor's confidence level. Therefore, forecasting future closing price is essential. In this paper, we suggest that geometric Brownian motion which involves randomness, volatility and drift can be used to forecast a maximum of two week investment closing prices. This method is accurately proven by the lower value of the Mean Absolute Percentage Error (MAPE). In addition, the uses of data is also investigated and found that one week data is enough to forecast the share prices using geometric Brownian motion.
Introduction
As investors, they can invest in stocks through Bursa Malaysia, where stocks are bought and sold governed by strict rules, regulations and guidelines. Investment in stock market is a platform for investors to own a share of a company and share both profit and losses of that company. Small sized companies are set up with the lower market capitalization under the range below RM 1,000,000,000 [1] . This creates opportunities to all level of investors because the asset prices are lower and the company has the opportunity to expand. In addition, small companies will generate high return since prices are more volatile compared to those of medium and big sized companies [2] .
More volatile refers to more risk; with unpredictability and uncertainty of market prices, the investors are afraid of investing. Wrong decisions will lead to the loss of capital investment. Forecasting is the best method to use to predict future prices, but the risk of losing is still high because of the possibility of inaccurate forecasting. Thus, our objective is to find the best forecasting method to forecast the future closing prices for short term investment with low percentage error. In addition the number of data used is also considered for investigation. In this area of study concerning predicting stock prices, many mathematical models are used. For example [3] used the combination of the grey model, Fourier series and Markov that produce a new method called Markov-Fourier grey model. The researchers stated that this method can predict accurately but it is only suitable for long-term operation.
Another example is Clustering-Genetic Fuzzy System to forecast the stock prices. The system is outperformed since it gives the lowest Mean Absolute Percentage Error (MAPE) value by comparing with hidden Markov model, hybrid of hidden Markov model, artificial neural network and genetic algorithms, hybrid of hidden Markov model and fuzzy logic, ARIMA and artificial neural network. This model can only be used to predict the next day closing prices [4] .
Geometric Brownian motion (GBM) model are used by [5] and [6] . GBM is introduced as a basis for options pricing. A GBM model is a continuous-time stochastic process, explained by [6] , in which the logarithm of the randomly varying quantity follows a Brownian motion also known as Wiener process [6] . GBM is used by [6] to forecast some option prices.
Reference [6] states that GBM is important in the modeling financial process mathematically. It is the derivative of continuous model from discrete model that can be used to predict the movement of the stock prices in the short term period.
This was strongly stated by [7] , that the pattern of the stock market's prices is unpredictable and follows the random walk where random walk model in the GBM is outperforming other methods. Thus, in this study, GBM will be used as the method to forecast the future closing prices for small sized companies in Bursa Malaysia and to find the maximum number of day needed so that the prices can be forecasted accurately.
There are some researchers who modify the geometric Brownian motion model such as [5] which demonstrates the development of the modified linear models of geometric Brownian motion by using basic statistics in analyzing stock prices. The modification is done under different data partitioning, with and without jumps. It concludes that the models with jumps are much better than ones without jumps. This modification is not considered in this research as it is not necessary.
In this research the original geometric Brownian motion is applied in analyzing the real stock prices in Bursa Malaysia by looking into the accuracy of the model and the maximum number of days of closing prices needed for forecasting stock prices accurately.
The reason for using the geometric Brownian motion is due to its suitability to forecast the short term investment. The Markov-Fourier grey model could not be used since it is only suitable for long term investment, whereas the Clustering-Genetic Fuzzy System can only be used to predict the next-day investment. A more reliable forecast model that could give more than one-day predicted prices is needed so that the investors can decide immediately and gain profit after the maximum duration of days it can forecast accurately. Thus, the investors will gain more profit after investment even in a short period of time.
This research paper is organized as follows: Section 2 describes the GBM, Section 3 presents the result and Section 4 the conclusion.
Methodology
The closing prices of the counters are collected daily for a one month period and forecasted for the next one month. This GBM follows the Markov and Martingale properties. Markov properties state that the estimated value of the random variable conditional upon the entire past event, only depends on the previous value. Whereas in the Martingale properties, the conditional expected of winning at any time in the future depends on the amount that is already held [6] .
The stochastic differential equation will be particularly important in modeling many asset classes since GBM deals with randomness, volatility, drift and return on investment [6] .
According to [6] , 'investors' main concern will be on the return on investment which refers to the percentage growth in the value of an asset. If S i is the asset value on the day, then the return from day i to day i + 1 is given by
If M is the number of returns in the sample, then the drift µ can be represented by the mean of the returns distribution as below:
The volatility σ can be represented by the sample standard deviation as
The price of stock at time t is S(t) the random value at time t is X(t), the volatility is σ and the drift is µ forming the stochastic model as follows:
Suppose the function of F(S) = logS, describes the asset price as the lognormal random walk. By using Ito's Lemma as shown below:
It can be simplified to get
Then by substitution dS,
Integration both sides will form
Here e c = S(0) then the stochastic differential equation for logS is
The stochastic differential equation is particularly important in the modeling of many asset classes. Equation (5) is the asset price model that is able to predict an asset price at specific time, t. According to [8] , there are three measurement of forecasting model which involve time period t, The measurements are the number of period forecast n actual value in time period at timet,Y t and forecast value in time period t, F t .
The widely used method to evaluate the forecasting method that considers the effect of the magnitude of the actual values is the MAPE. It can be calculated as follows: Table 1 shows a scale of judgment of forecasting accuracy using MAPE. The smaller the MAPE value, the more accurate the forecasting model is. By using MAPE formula and applying the scale in Table 1 , some judgment of the model can be made.
Results
There are many small sized companies registered under Bursa Malaysia. This study limits the scope by analyzing the small sized companies with market capitalization under the range of RM 10 million to RM 50 million. There are 89 such companies selected from different sectors in Main Board of Bursa Malaysia.The sectors are construction, industrial products, trading and services, consumer products, infrastructure, properties and technology.
Mulpha Land Berhad, or known as MULPHAL counter in Bursa Malaysia is one example of a company in the property sector. Table 2 is the result of Equation (5) and (6). Table 2 shows one month (30 days) forecast data prices using GBM and the actual prices of MULPHAL counter. It illustrates that on 8th July 2011 until 22nd of c 2014 NSP Natural Sciences Publishing Cor. Fig. 1 The graph of forecast vs. actual prices for MULPHAL counter July 2011, the forecast prices were closed to the actual prices. After 22nd of July 2011, the forecast prices become more volatile and far from the actual prices. This is further illustrated in Figure 1 . Figure 2 provides the graphs of the stock market by comparing the actual prices with the forecast prices.
Let say, an investment was made on 8th July 2011 and gained profit on 22nd July 2011. Thus, from Figure 1 and 2, we find that after two weeks of working days (on 22nd July 2011) of investment, the forecast price is closest to the actual price.
Next, we focused on the forecast prices of all the 89 counters by looking into the forecast prices on the 22nd July 2011 and compared with the actual prices on that day. We found that all of the counters were having the forecast prices closest to the actual prices after two weeks of investment. Table 3 illustrates 22 out of 89 counters that show the forecast prices are equal to the actual prices. Table 3 shows the forecast prices and actual prices on the 22nd July 2011 and MAPE value for two weeks of investment. It shows that most of the MAPE values are less than 10% and most of the forecast prices are closest to the actual prices [9] . Here, about 77.27% are highly accurate.
According to Table 3 , out of 22 counters, the forecast prices of 17 counters are considered as highly accurate based on the judgment laid out in Table 1 .
Next, this study investigates the suitability of data used to forecast the share prices using geometric Brownian motion. The number of data used is one week, two weeks, three weeks, and four weeks. Based on the data obtained, the result is as follows: Table 4 shows the MAPE value for 22 counters based on the previous data used in geometric Brownian motion. According to Table 4 , it shows that the most suitable data to forecast share prices for two-week investment is by using data from previous one week. It shows that the forecast prices of 95.45% of the counters are highly accurate when one-week data is use. The percentage of 90.91%, 86.36%, and 77.27% of counters are highly accurate for two weeks, three weeks and four weeks data respectively.
The average MAPE value is 5.94%, 4.79%, 5.89%, and 5.95% for the data of one week, two weeks, three weeks and four weeks of data used respectively. It shows that the average MAPE for two weeks of data used is the smallest. Although the average MAPE value shows that two weeks is the lowest, but most of the MAPE values give highly accurate value when one week data is used. In conclusion, by using the data gathered of one week, two weeks and three weeks are good enough to forecast share prices. On the other hand, if four weeks data was used, most of the forecasted prices may not be highly accurate. This is shown by the highest average of MAPE value and the comparison between the number of weeks and the percentage of highly accurate forecasted share prices. Thus, the short duration of data used is enough to forecast the share prices in Bursa Malaysia by using GBM model. This study also proves the geometric Brownian motion properties on Markov and Martingale properties. These are the advantages of using geometric Brownian motion since the short duration of data used is sufficient to forecast and the formula is easier to be used.
Conclusion
Investment in small sized companies is an alternative for the investors to generate extra income. With the help of geometric Brownian motion it could increase the investor's confidence level. Geometric Brownian motion is highly accurate as proved by the MAPE value which is lower than 10%. It is a safe model, since most of the forecast prices are much closer to the actual prices in maximum duration of two weeks investment. Thus, the profit can be approximated and decision can be made. This gives the opportunity to the investors to decide whether to buy it immediately and gain profit in the following two weeks or to wait for a better opportunity. In addition, this paper also shows that the short duration of data used is necessary to forecast the share prices. It will be easier for the investors to use geometric Brownian motion in forecasting share prices. Investing in stock market is risky. Willingness to take the risk will give high returns, because the higher the risk the higher the returns.
